Objective of Experiment
The experimenters examined the functional and structural synaptic changes that occur when muscle fibers transition from polyneuronal to singly innervated cells during postnatal development (P1 -P9).
In adult mammals a one-to-one relationship exists between motor nerve terminals and muscle fibers.
However, this is not true in the embryo and in the postnatal mouse. At intermediate stages of development several axons converge on each muscle fiber, and soon after birth all inputs but one are eliminated.
It is hypothesize that synapse elimination must be part of a competitive process. What governs this competition?
The purpose of this transient polyneuronal innervation remains a mystery.
-one possibility might be to ensure that each muscle fiber is innervated.
-another is that synapse elimination provides a way by which activity can change the strength of particular connections.
Methods
Intracellular recordings from newborn and adult muscle fibers temporarily innervated by two axons were done.
One suction electrode was applied (for stimulation) to each of the two nearby nerve branches which converged at the same junction. Shown in Figure 1a .
Muscle fibers innervated by two axons were chosen for the study. EPPs were recorded from a common area on the muscle were the two axons converged.
Recordings were done from the trapezius muscle and sternomastoid muscle in the neonatal mouse.
Quantal Content as a Measurement of Neurotransmitter Release
Quantal content is the discrete number of synaptic vesicles that fuse at the presynaptic terminal.
It is thought that EPPs are the summation of many unitary events, each having a magnitude of 0.4mV (discovered by Del Castillo and Katz).
Quantal content is measured under conditions in which there is a high concentration of magnesium and/or a low concentration of calcium.
The increase in magnesium and/or the decrease of calcium greatly reduces the probability that ACh will be released when the motor neuron is stimulated.
A high magnesium concentration partially blocks presynaptic calcium channels which decrease calcium entry into the presynaptic terminal and thus the amplitude of EPPs. Quantal content disparity predicts single innervation For each pair of axonal innervations converging at a NMJ there is a weaker and a stronger input. For the case were the quantal content ratio with respect to each other is <2, when the stronger's quantal content is taken in proportion to the quantal content of the singly innervated you get black bar with <2.
In conclusion, the stronger input from the pair with a quantal content ratio >4 have a synaptic strength similar to that of a singly innervated NMJ.
Therefore, fibers with the widest disparities of quantal content ratios are the direct predecessors to singly innervated muscle fibers. Fig.2D -Increasing disparity in quantal content of the inputs co-innervating a muscle fiber is due to both an absolute increase in the quantal content of the stronger input and the decrease of quantal content of the weaker input.
Changes in Quantal Efficacy
Under the conditions of high magnesium concentrations, depolarization induced by individual quanta (quantal efficacy) were observed. Fig.3A -G shows that one input gives rise to a significantly smaller quantal responses than the other input.
A -response to nerve stimulation B -amplitude of synaptic response in color.
C -traces ranked by amp. largest EPP amp. on top.
D -ranked traces in C represented in height and color.
E -evoked quantal responses arranged in order of amp. Quantal content of axon 1 is 0.23 and quantal content of axon 2 is 1.20.
F-axon 1 shows a gradual decrement in amp. without an obvious cut-off between smallest evoked events and failures.
G -axon 2 shows a distinct cut-off between smallest evoked potentials and failures.
